UNIVERSITY OF NEW ENGLAND 


University of NAME: 
New England : 
STUDENT NUMBER: 


UNIT CODE: CHEM305 

PAPER TITLE: Applied Physical Chemistry 

PAPER NUMBER: First and Only 

DATE: Thursday 29 September 2016 TIME: 1:45PM TO 4:00 PM 
TIME ALLOWED: = 2: hours and 15 minutes 

NUMBER OF PAGES IN PAPER: _ SIX (6) 

NUMBER OF QUESTIONS ON PAPER: ~ EIGHT (8) 

NUMBER OF QUESTIONS TO BE ANSWERED: EIGHT (8) 


STATIONERY | 2 | 6 PAGE ANSWER BOOKS | 0 GENERAL PURPOSE ANSWER SHEET 
PER 


CANDIDATE: | 0 GRAPH PAPER SHEETS | 0 GEOLOGY SAMPLES 


OTHER AIDS REQUIRED: PERIODIC TABLE IS ON PAGE 6 
CALCULATORS: PERMITTED (APPROVED MODELS ONLY) 
TEXTBOOKS OR NOTES: NOT PERMITTED 


INSTRUCTIONS FOR CANDIDATES: 
e Candidates MAY NOT start writing until instructed to do so by the supervisor 


e Please pay attention to the announcements and read all instructions carefully before 
commencing the paper 


e Candidates MUST write their name and student number on the top of this page 


e ALL candidates MUST answer ALL EIGHT (8) questions in the answer books 
provided 


e Questions are not of equal value. The allocation of marks is shown within each 
question 


e Periodic table is provided on page 6 


e This examination paper MUST BE HANDED IN along with all supplied stationery. 
Failure to do so may result in the cancellation of all marks for this examination 


REMEMBER TO WRITE YOUR NAME AND STUDENT NUMBER AT THE TOP OF THIS PAGE 


THE UNIVERSITY CONSIDERS IMPROPER CONDUCT IN EXAMINATIONS TO BE A SERIOUS OFFENCE. 
PENALTIES FOR CHEATING ARE EXCLUSION FROM THE UNIVERSITY FOR ONE YEAR AND/OR CANCELLATION 
OF ANY CREDIT RECEIVED IN THE EXAMINATION FOR THAT UNIT. 


CHEM305 Trimester 2, 2016 


Question 1. 


Consider the following equilibrium: 


2SOxg) + Ox(g) == 2S03(g) 


What is the effect on the equilibrium of each of the following changes? Note: you may 


need to calculate some standard enthalpy or Gibbs free energy changes to answer these. 


i) The pressure is increased by decreasing the volume. 
ii) The temperature is decreased. 


ili) The pressure is increased by the addition of the inert gas Argon, Ar. 


(6 marks) 
Data 
AtH? (kJ mol") 
SO2(g) —296.83 
SO3(g) —395.72 
Question 2 


Consider the following galvanic cell: 
Hg(1) | Hg2SO4(s) | FeSOu(aq, a = 0.010) | Fe(s) 


What are (i) the cell reactions, (ii) the standard cell potential, (iii) the equilibrium 
constant, (iv) the equilibrium constant expression and (v) AG® at 25°C? 
(7 marks) 


Data 
Fret = —0.613 V 
EF e2+/Fe = —0.447 V 


F = 96485 C mol"! 
R =8.314J K! mor! 
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Question 3. 


Determine the standard emf of a cell in which the reaction is 
Co**(aq) + 3 Cl'(aq) + 3 Ag(s) === 3 AgCl(s) + Co(s) 


Given that the standard potentials for the couples Ag/AgCl,Cl (40.22 V), 
Co**/Co** (+1.81 V) and Co**/Co (-0.28 V). 


(5 marks) 


Question 4. 


At the half-way point in the titration of a weak acid with a strong base the pH was 
measured as 4.45. (a) What is the pKa of the weak acid? (b) Calculate the pH of a 

0.025 M solution of the weak acid? (c) What would the ionic strength of a 0.018 M 
solution of the weak acid be if the solution is at a pH of 4.45? 


(6 marks) 


Question 5. 


For the balanced reaction 
2 SO3x(g) —=— =_ Sg) + 3 Or(g) 


The equilibrium constant has a value of 4.33x10~ at some elevated temperature. Calculate the 
equilibrium concentrations of all species if the initial pressure of SO3 was 0.150 bar. 


(6 marks) 
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Question 6. 


(a) Explain what is meant by the steady-state approximation in chemical kinetics. Why 


is it useful, and under what conditions is it valid? 
(4 marks) 


(b) The Lindemann mechanism can be written 


A+M>A+M ks 
A +M>A+M ae 
A >P k, 


Where A is the reactant, A’ is the activated reactant, M is a buffer gas and P is the 

product. Using the steady-state approximation, determine the rate law expression for 
the formation of P. 

(8 marks) 

(c) Under what conditions does this rate law show an overall second order dependence? 

(2 marks) 


Question 7. 


(a) Derive the following Langmuir isotherm expression for fractional coverage as a 
function of pressure for the following dissociative adsorption mechanism: 
KP 


g = ——__ 
1+ KP 


(4 marks) 


(b) Acertain solid sample adsorbs 0.44 mg of CO when the pressure of the gas is 26.0 
kPa and the temperature is 300 K. The mass of gas adsorbed when the pressure is 3.0 
kPa and the temperature is 300 K is 0.19 mg. The Langmuir isotherm is known to 


describe the adsorption. Find the fractional coverage of the surface at the two pressures. 
(6 marks) 
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Question 8. 


(a) What is the Michaelis-Menten mechanism describing enzyme catalysis that leads 
to the following rate law? 


ka IS]olElo 


R= 
MTS 4 Rex 


(4 marks) 


(b) What needs to be plotted on the x- and y-axes to give a straight line in order to 


determine K,, and Riya from the Michaelis-Menten rate law 


(2 marks) 
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: i Periodic Table of the Elements 
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with atomic numbers 112, 114, and 116 have been reported but not fully confirmed. 


atomic masses listed in this table reflect the precision of current measurements. (Each value listed in 
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Of trivial names by the IUPAC. 


